T he role of vasodilation in causing headache in migraine is a matter of debate."12 Recently, Friberg et a13 reported that blood velocity (BV) is reduced during migraine attacks in the middle cerebral artery (MCA) at the headache side, compared with both the nonheadache side and outside the attack. Because regional cerebral blood flow (rCBF) was not changed, it was concluded that the MCA ipsilateral to the headache is dilated during migraine attacks with unilateral headache. 3 If true, this finding would be of paramount importance to the hypothesis that migraine headache is caused by vasodilation of large cranial arteries. 4 However, the study of Friberg et al3 included only seven patients, four of whom had migraine with aura. In addition, we5,6 and others7,8 failed to detect significant overall group changes of BV in intracranial blood vessels during migraine attacks compared with outside the attack, although some decrease of BV was found in a few patients. [7] [8] [9] We now report on one patients had unilateral headache during the attack, of whom 5 had migraine with aura and 46 migraine without aura. Blood velocity was measured during and outside an attack in all 65 patients, and blood pressure and end-expiratory Pco2 (using an infrared CO2 analyzer) were monitored in 52 patients. Registrations outside the attack were done at least 3 days after an attack.
Sixteen healthy, nonmigrainous volunteers (6 men, 10 women; mean age, 37±9 years) were measured on 2 separate days at least 3 days apart and served as control subjects.
Procedure
Blood velocity was measured blinded as to the side of the headache, using the EME TC2-64B transcranial Doppler system (EME, Uberlingen, Germany) with a hand-held 2-MHz probe. The MCA was recorded through the temporal bone window. 12 Maximal Doppler signal was found on each vessel by varying the depth between 45 and 60 mm. A period of 30 seconds was recorded, and a sample of 5 seconds was fixed on photographic paper. The systolic peak flow and the time-mean velocity (expressed in centimeters per second) and the pulsatility index13 were determined on this 5-second period and evaluated. None of the recordings needed to be excluded from further evaluation because of a bad ratio of sound to noise. Because of the high correlation between the time-mean and systolic peak velocities (r=.98), only the time-mean velocities are given.
Statistical Analysis
For purposes of analysis, the side clinically affected during the attack was also designated as the "headache side" outside the attack; the other side was called the "nonheadache side" during both conditions. Paired t tests were used to compare values obtained at the headache and nonheadache sides and during and outside attacks. Unpaired t tests were used to compare the results in patients with bilateral headache with those with unilateral headache and to compare the results obtained in patients who were examined within the first 4 hours after onset of the attack with those who were examined later than 6 hours after onset. The level of significance was set at P<.05.
Reproducibility of the BV measurements in the normal control subjects was tested by calculating the coefficient of variation.
Results
Blood velocity measurements during the attack were done at a median time after onset of the attack of 6.3 hours (range, 1 to 35 hours) in patients with unilateral headache and 5.9 hours (range, 3.3 to 15 hours) in patients with bilateral headache (Table 1) . Eight patients with unilateral headache and three with bilateral headache could be investigated within the first 4 hours of an attack.
The mean (+SD) values of the BV in the whole group of patients with unilateral headache are given in Table  2 , for migraine with and without aura separately. There was no significant difference between the mean BV in the MCA at the headache side compared with the nonheadache side nor between the BV during and outside the attack. This was also true for the 11 patients who were investigated in the first 4 hours after onset of the attack (Table 3) . Table 4 summarizes the mean (+SD) values for the pulsatility index in patients with unilateral headache. As for the BV, there was no significant difference between headache and nonheadache sides nor between during and outside the attack.
Comparison between values obtained in patients with unilateral headache and in patients with bilateral headache, or between values obtained in patients who were examined in the first 4 hours of attack and in patients who were examined later, did not yield significant differences (data not shown).
In the control group, the coefficient of variation for the BV was 4.3% for the right side and 4.0% for the left side (Table 5) , suggesting an excellent reproducibility. There were no significant differences between the values obtained in the control group and those in the migraine patients.
Discussion As far as we know, this is the largest published study on migraine patients who are examined with transcranial Doppler ultrasonography during a spontaneous migraine attack with unilateral headache. We found similar values for the BV in the MCA at the headache and nonheadache sides, both during and between attacks. Accordingly, we are unable to confirm previous findings by Friberg et a13 that BV is reduced in the MCA at the headache side during migraine attacks. Potential causes for this discrepancy might be one or more of the following methodological differences that exist between the two studies: (1) the number of investigated patients with unilateral headache (51 versus seven in the study of Friberg et a13); (2) inclusion of predominantly migraine patients without aura, who lack aura-related vascular changes10 and hence seem more appropriate for studying the vascular changes related to the headache phase, compared with inclusion of predominantly migraine patients with aura,3 who are known to show vascular changes associated with aura, which may continue during the headache phase14; (3) blinding of the examiner as to the side of the headache compared with nonblinding3; (4) no prior rCBF measurement versus prior rCBF measurement,3 which might affect BV"5; and (5) different timing of the investigation within the attack: whereas most of our patients were examined around or even beyond 6 hours after onset of the attack, the patients in the study of Friberg et a13 were studied much earlier. However, separate analysis of the 11 patients who were studied within the first 4 hours of the attack did not disclose significantly different results compared with those obtained in the whole group. Very early changes, however, cannot be excluded.
In conclusion, the results of the present large study and of other smaller studies7-9 do not support the hypothesis that migraine attacks with unilateral headache are associated with vasodilation of the MCA at the headache side. However, other cranial blood vessels were not investigated and still may be involved.
